This research work investigates friction and wears behaviour of CaO filler / particulate reinforced ZA-27 alloy composites. Pin-on-disk tribometer confining to ASTM G 99 standard with EN-31 hardened steel disc was used to simulate the tribological performance experimentally. The tribological parameters were evaluated over a normal load range of 5-45 N, sliding velocity of 1.047-5.235 m/s., sliding distance of 500-2500 m, environment temperature of 25-45 C and filler content range of 0-10 wt%. The various alloy composites were fabricated under vacuum environment by hightemperature gravity casting technique. The steady-state specific wear rate and coefficient of friction were evaluated under different boundary conditions and thereafter Taguchi design of experiment methodology was adopted to compute the experimental specific wear rate of the proposed alloy composites. The dynamic mechanical analysis and thermogravimetric analysis study were also performed in order to observe the thermal characteristics of the composites at higher temperature. Finally, the surface morphology of the worn samples was performed using field-emission scanning electron microscope to understand the wear mechanism prevailed at rubbing surfaces and then atomic force microscopy analysis was studied to evaluate the surface profile of the worn sample. At the end, energy-dispersive spectrometer analysis was also performed to find out the elemental compositions of the worn alloy composites.
Introduction
The efficient and reliable working of any machine is highly dependent on efficient function of its various components. Bearings in machines serve as vital element in this regard. 1 The bearings worked as load-carrying element and it is subjected to intense tribological environment; any damage to them results in loss of productivity and financial aspects. 2 Therefore, scholars in these research focussed on their efficient working either by designing them or by development of effective material that gives win-win results across all working parametric conditions. 1, 2 The rolling element bearings widely used in different rotary machines and the machine breakdown worked as one of the major reasons for failure of bearing. 3 Many authors have studied about the most common reasons for failure of bearing components. They observed that by replacing these failed components the life span of bearing assembly can be enlarged. Mostly, bearings were used in military aircraft applications but it was not only industry which used bearings, automobile industries also used bearing for parts assembly. 4 Therefore, the fabrication of perfect bearing materials is one of the major challenging tasks nowadays, it not only reduces the bearing component cost but also enhances the bearing life span and efficiency. Traditionally, monolithic alloys were used for bearing applications in most of the cases. The material research over the decade reported development of tailored alloy composite materials that exhibits enhanced and enriched properties like high specific strength, stiffness, better wear resistance, dimensional stability, etc. most suitable for tribological applications. 5 It has been reported in literatures that ceramic 1 Mechanical Engineering Department, MMMUT Gorakhpur, India 2 Mechanical Engineering Department, MNIT Jaipur, India particulate filled alloy metal matrix alloy composites serve as an excellent material substitute for monolithic materials in bearing applications.
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The zinc-aluminium alloy (ZA-27) is widely used as a substitute of brass and cast malleable iron for making wear resistance machinery parts. It is extensively used as bearing materials due to its excellent fluidity, high damping capacity, good castability, low friction coefficient, high wear resistance in both dry and lubrication conditions and simultaneously reduces the production cost. [6] [7] [8] [9] The service life of bearings depend upon its wear performance i.e. sliding wear and friction across contact zone, have direct influence on its fatigue life. [10] [11] [12] [13] [14] [15] [16] [17] In the present research work, the main focus was to study the specific wear rate and coefficient of friction of the newly developed CaO particulate filled ZA-27 alloy composites fabricated via high-temperature vacuum gravity casting technique. It includes thermal aspects of the alloy composites such as dynamic mechanical analysis at a temperature range of C and thermogravimetric analysis (TGA) at a range of 25-1000 C, respectively. Finally, the surface morphology of the worn samples were studied through scanning electron microscope (SEM) and the elemental compositions also being performed by using energy dispersive spectrometer (EDS) in order to cross-verify the proposed composites composition after wear analysis.
Materials and methods

Test materials
The materials used for sliding wear test were as follows:
Pin material. Different weight percentages (0, 2.5, 5, 7.5 and 10 wt%) of CaO particulates filled ZA-27 metal alloy composites were used as pin samples. The chemical composition of ZA-27 metal alloy composites, used as matrix materials for composite fabrication, is shown in Table 1 . To calculate the specific wear rate of CaO-filled ZA-27 metal alloy composites by pin-on-disk tribometer (sliding wear test), the sample of size 15 mm Â 10 mm Â 10 mm were used.
Disc material. An EN31 circular disc (made by steel material: 60-70 HRC hardness) was used in pin-ondisc tribometer for the sliding wear test. The rotation for disc and loading range varies from 1 r/min to maximum 2000 r/min at a normal load of 1-60 N, respectively.
Fabrication of composites
The investigated alloy composites were fabricated under vacuum environment by high-temperature gravity casting technique. The neat alloy, ZA-27 was reinforced with varying weight percentages of CaO particulate i.e. 0 wt%, 2.5 wt%, 5 wt%, 7.5 wt% and 10 wt% (five different alloy composites).The fabrication of CaO particulate filled ZA-27 alloy composites take place in a high-temperature vertical vacuum furnace which is the assembly of one heating unit that include one graphite crucible, plunger through a narrow 8 mm diameter tip and temperature measuring instrument (infrared temperature measuring sensor). Firstly, the base alloy was melted in graphite crucible around 500 C in vacuum furnace, and then mix 2 wt% magnesium was added that improves wettability of the composites (Table 1) . Thereafter, add/mix pre-heated filler particulates ($150 C) according to its content for few minutes ($5 min) and then the mixture was poured directly into cast iron mould (140 Â 90 Â 10 mm 3 ) via opened plunger followed by its solidification. Once the alloy composite casting cools to room temperature, the specimen sample pieces were cut for various tribological and thermomechanical characterizations.
Thermomechanical characterization Thermogravimetric analysis
TGA was used to measure the rate change in weight of material as a function of temperature or time in a controlled atmosphere. This analysis indicates material thermal stability with temperature i.e. weight loss or gain due to decomposition, oxidation or dehydration. Its shows change in mass of substance versus temperature graph when the substance was heated at uniform rate.
Dynamic mechanical analysis
Dynamic mechanical analysis (DMA) of the investigated composites have been used to understand the variation of storage modulus (E 0 ), loss modulus (E 00 ) and damping factor (tan d) as a function of temperature. This characterisation was performed on Perkin Elmer's instrument in a three-point bending mode, at a fixed frequency of 1 Hz, heating rate of 5 C/min and over a temperature range of 25-300 C. The specimen dimensions were 30 Â 10 Â 2.5 mm 
where Ws is the specific wear rate in (mm 3 /N-m), Ám is the mass loss of the alloy composite during test (g), is the density of the composite (g/cm 3 ), Vs is the sliding velocity (m/s), t is the test duration (s) and Fn is the normal load (N).
Experimental design
In this study, Taguchi method was used for optimization of sliding wear rate of the investigated alloy composites. Here, performance characteristics was analysed via S/N ratio and lower-the-better (LB) approach was implemented as our main focus was on least wear rate. Five input controlling variables were chosen with five different levels as depicted in Table 2 , while SWR was treated as output variable. Thus, L 25 orthogonal array design was adopted to study the sliding wear rate of the particulate filled alloy composites. The S/N ratio for LB characteristic can be expressed as
where n is the number of observations and y the observed data. Finally, the analysis of variance (ANOVA) was computed to find out input factor value set and their ranking order that significantly control the wear rate of the investigated alloy composites.
Surface morphology studies
The surface morphology of worn surfaces was analysed using micrograph obtained by field-emission scanning electron microscope (FESEM) supplied by FEI Nova Nano SEM 450.The same equipment was used for energy-dispersive X-ray (EDAX) study that reveals chemical composition of the worn surface. Atomic force microscopy (AFM) morphology was also performed to evaluate surface profile of the worn surface.
Results and discussion
Effect of thermogravimetric analysis on CaO particulates filled ZA-27 alloy composites
The TGA plot, as shown in Figure 1 , for all the investigated composites indicated the following decreasing order of thermal stability: 10 wt% CaO > 7.5 wt% CaO > 5 wt% CaO > 2.5 wt% CaO > 0 wt% CaO respectively up to 850 C, thereafter the degradation rate of the alloy composites were accelerated steeply. This indicates that such composites could successfully be used as bearing material maximum up to 850 C, thereafter it fails to retain its parent structure. This may be attributed to strong interfacial interaction between filler-matrix materials that breaks at higher temperature (850 C). Also, the particulate filled alloy composites observed to have thermal stability in decreasing order of their filler content i.e. higher the filler content more will be its thermal stability. Tangent line A to B in Figure 1 , shows the total material degradation during TGA tests with increasing temperature. It may cause due to the presence of dirt particles, unwanted environment gases and the presence of other impurities when the composite material get heated up to 850 C. Similar observations have been reported by Ejiofor et al. 9 for zircon reinforced with Al-13.5Si-2.5 Mg alloy composites fabricated by powder metallurgy fabrication techniques. They reported that zircon reinforced with Al-13.5Si-2.5 Mg alloy composites start degrading at 200 C till 510 C.
Effect of dynamic mechanical analysis on CaO particulates filled ZA-27 alloy composites
The storage modulus (E 0 ), loss modulus (E 00 ) and damping factor (tan ) parameters of the investigated alloy composites were determined using DMA technique, over a temperature range of 25-250 C ( Figure 2 ). It was observed that the decreasing in trend of storage modulus (E 0 ) exhibits following order: the neat alloy within workable temperature range, whereas other particulate filled alloy composites supposed to have deteriorated effect on E 0 . Reinforcement of 2.5 wt% filler shows mild loss of E 0 till 150 C thereafter it slightly improves for further 25 C, and then decreases till 250 C. It was observed that reduction of E 0 within temperature range 150-250 C was much faster in other alloy composites except 2.5 wt% particulate filled alloy composite. However, 10 wt% particulate filled alloy shows least E 0 and relatively faster deteoriation rate with temperature than other alloy composites. 10 The loss modulus (E 00 ) behaviour of the investigated alloy composites was plotted in Figure 2 (b). It was observed that E 00 magnitude increases with the increase in temperature irrespective of filler content for all the alloy composites. Within the temperature range of C the order of decreasing E 00 were: 7.5% E 00 > 10% E 00 > 5% E 00 > 2.5% E 00 > 0% E 00 , whereas in temperature range of 125-250 C the order of E 00 were: 7.5% E 00 > 5% E 00 > 10% E 00 > 0% E 00 > 2.5% E 00 , respectively. It might be inferred that higher filler reinforcement (then 10 wt%) leads to increase in viscous or loss modulus relative to unfilled alloy except for 2.5 wt% CaO particulate. Thus, loss modulus exhibits reversal trend in relation to storage modulus. 11 The damping behaviour depicted by tan d parameter of the investigated alloy composites is shown in Figure 2 (c). It was inferred that damping property of the alloy composites show improvement in comparison to neat alloy except for 2.5 wt% filler content. Also, higher filler content of 10 wt% leads to much improvement in damping capacity. It clearly known that damping capacity depends upon interfacial adhesion between ingredients of alloyed composites. Thus, in general reinforcement of CaO particulate leads to enhancement of damping capacity and higher content leads to better interfacial adhesion that significantly improved the damping characteristics. 13 Steady-state specific wear rate Effect of sliding velocity on specific wear rate of CaO particulates filled ZA-27 alloy composites
The computed SWR (from the data obtained via test runs on pin-on-disk tribometer and explained as in the above section), for all the investigated alloy composites at various laid down velocities (i.e. 1.047 to 5.235 m/s) were shown in Figure 3 . In this plot the parameters like sliding distance (1000 m), load (15 N) and environment temperature (35 C) were kept constant. From the plots in Figure 3 the following observations can be made: (i) SWR of the investigated composites shows increasing trend with sliding velocity irrespective of filler content; (ii) SWR was observed to have diminishing magnitude with filler content, consequently the order of SWR was 0 wt% CaO > 2.5 wt% CaO > 5 wt% CaO > 7.5 wt% CaO > 10 wt% CaO, across all sliding velocities. It can be inferred that higher (10 wt%) filler reinforcement leads to lowest SWR between the interfacing and rubbing surfaces. The improved behaviour of 10 wt% CaO particulate filled alloy composite may be attributed to strong interface bonding between matrix and filler with intact material against wear out phenomenon. 16 Similar results were reported by Ranganath et al.
14 while investigating sliding wear behaviour of garnet-filled ZA-27 alloy composites. They reported that with the increased weight percentage of garnet particles the wear rate decreases relative to neat alloy.
Effect of sliding velocity on coefficient of friction of CaO particulates filled ZA-27 alloy composites
The COF as obtained during the test runs for the specimens under investigation was plotted in Figure 4 with respect to varying sliding velocities from 1.047 to 5.235 m/s, while other parameters (like normal load: 15 N, sliding distance: 1000 m, environment temperature: 35 C) were kept constant. From this figure, it was observed that: (i) COF seems to be in a increasing trend with sliding velocity irrespective of test specimens, (ii) COF shows decline in magnitude with filler content, therefore the order of COF was 0 wt% CaO > 2.5 wt% CaO > 5 wt% CaO > 7.5 wt% CaO > 10 wt% CaO. It can be inferred that higher (10 wt%) filler reinforcement leads to lower COF (<0.2) between interfacing and rubbing surfaces. Similarly, the same composition leads to minimal SWR as indicated from Figure 3 . This might be attributed to proper interaction between reinforced particles and matrix alloy. During sliding process, the produced asperities fluctuate by their positions that cause stick-slip oscillation condition for frictional profiles. Effect of normal load on specific wear rate of CaO particulates filled ZA-27 alloy composites
The effect of intact normal load (5 to 45 N) on the SWR of the investigated alloy composites were plotted in Figure 5 . The following observations could be made: (i) the SWR tends to have increasing trend with normal load irrespective of filler content of the investigated composites, (ii) the order of diminishing SWR magnitude with filler content is 0 wt% CaO > 2.5 wt% CaO > 5 wt% CaO > 7.5 wt% CaO > 10 wt% CaO irrespective of normal load condition. Thus, higher (10 wt%) filler content leads to lowest SWR across all loads under steady-state condition. This might be attributed to the presence of reinforced particles in matrix that reduces the effective area of fraction with the counter area and by this matrix shepherd to a small surface abrasion in the composites counterface, 22 (iii) it was also observed that unfilled alloy tends to have higher SWR relative to filled alloy composites.
Effect of normal load on coefficient of friction of CaO particulates filled ZA-27 alloy composites
The effect of normal load (5 to 45 N) on the COF under steady-state condition of CaO particulates filled ZA-27 alloy composites was plotted in Figure  6 . The following inference could be drawn: (i) the COF tend to have increasing trend with normal load irrespective of filler content of the investigated composites. The contact surface during sliding was in elastoplastic state through which the actual contacted become nonlinear with applied load resulting in the variation of COF with the increasing value of applied normal load. 29 (ii) The COF shows diminishing magnitude with filler content (i.e. 0 wt% CaO > 2.5 wt% CaO > 5 wt% CaO > 7.5 wt% CaO > 10 wt% CaO) irrespective of normal load conditions. Thus, higher (10 wt%) filler content lead to lowest COF across all loads under steady-state condition. (iii) It was also observed that neat specimen tends to show higher COF relative to filled composites. Similar observations were made by Ozsarac et al. 26 while studying the wear behaviour of sliding bearings and they reported that COF for bearings show increase in values with increase in normal load.
Taguchi design experimental analysis
In order to understand correlation between SWR and its controlling variables Taguchi design of experiment (DOE) approach was applied in this work. Taguchi DOE approach enables establishment of ranking 
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ZA-27 alloy+0 wt.% CaO ZA-27 alloy+2.5wt.% CaO ZA-27 alloy+5 wt.% CaO ZA-27 alloy+7.5wt.% CaO ZA-27 alloy+10 wt.% CaO order of controlling variables that significantly affect SWR within least experimental test runs, thereby leading to satisfactory conclusions. 18 In this research work, the controlling factors that practically governs SWR and their intact levels are depicted in Table 2 . Thus, there are five controlling variables and five levels as per Table 2 . For experimental test runs, L 25 orthogonal array was used (as depicted in Table 3 ) and S/N ratio was computed using MINITAB 16. The S/N ratio was computed for smaller-the-better value (SWR should be least) and found to be 91.49 dB (Figure 7 ). The order of significant effect on SWR such as normal load < sliding distance < environment temperature < sliding velocity < filler content was depicted in Figure 7 . Thus, filler content was the major variable governing the SWR of the investigated alloys composites. Table 3 also states wear performance of the investigated alloy composites under different sets of controlling variables, and for judging their suitability across numerous applications.
ANOVA and the effect of factors
The ANOVA results for the SWR of the investigated alloy composites were presented in Table 4 .
The ANOVA analysis was performed with 5% level of significance and 95% level of confidence. The P-test column in Table 4 signifies percentage contribution of individual factor variables on the total variations and the degree of influence on output results (i.e. SWR). The following order of influence on SWR was observed:
Thus, it was concluded that filler content in the investigated alloy composites contributes majorly in controlling the SWR or have a greatest impact with respect to other variables.
Surface morphology analysis
The surface morphology of worn surfaces studied via SEM for steady-state conditions are reported in Figures 8 and 9 , while Figure 10 presents worn surfaces from Taguchi DOE test runs. The micrograph of each investigated alloy composite enables us to understand wear phenomenon prevailing across the interface of composite countersurface of tribometer. Figure 8 shows micrograph of each investigated alloy composites having highest SWR under steadystate condition with varying sliding velocities, keeping constant normal load at 15 N, sliding distance as 1000 m and environment temperature at 35 C. From Figure 3 , it was clear that higher SWR corresponds to highest sliding velocity i.e. 5.235 m/s, irrespective of filler content. The neat alloy composite micrograph in Figure 8 (a) depicts removal and fragmented matrix material over the rubbing surface with lot of debris particles. This might be due to the presence of highest void content $ 0.018% and absence of any hardened filler content that otherwise could leads to matrix strength and enhancement in its mechanical properties. With the addition of filler content in alloy composite, void content and the cracking tendency of the composites were observed to decrease and could be validated by Figures 3 to 6 . The higher wear rate was observed at higher sliding velocities but with diminished magnitudes in order of the filler content. The interfacial bonding might get better with filler content in neat alloy. The weak matrix-filler interfacial bonding may lead to bulk removal of material, hence groove formation was seen as shown in Figure 8 (b) for 2.5 wt% filler content. As the filler content increases to 5 wt% (Figure 8(c) ) the material mechanical properties enhances, leading to decrease in wear rate. Owing to the back flow of debris over the sliding surface and their compactness over the rubbing surface, the base material was protected that reduces effective wear rate. The subsurface crack propagation will be present with the accelerated wear rate. The ploughing action might lead to higher wear rates in composites having 7.5 wt% CaO filler (Figure 8(d) ) and 10 wt% CaO filler (Figure 8(e) ). It was found that the detached debris, creators or cavities may collapse [29] [30] [31] during the sliding wear process and then they form a ploughing 
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Signal-to-noise: Smaller is better Figure 7 . Effect of control factors on specific wear rate of CaO particulates filled ZA-27 alloy composites. DF: degree of freedom; Seq SS: sequential sum of square; Adj SS: adjacent sum of square; Adj MS: adjacent sum of mean square; F: variance; P: test (percentage contribution of each factor in overall performance to find out optimum specific wear rate).
strip, which also help to reduce the wear of contacted surfaces. Figure 9 shows the micrograph of investigated alloy composites having highest SWR under steadystate condition with varying normal loads, keeping constant the sliding velocity at 2.094 m/s, sliding distance at 1000 m and environment temperature at 35 C. From Figure 5 , the highest load i.e. 45 N leads to highest SWR, irrespective of filler content and the AFM micrographs was also presented in Figure 11 . The micrograph of neat alloy composite at 5 N loading is shown in Figure 9 (a). It was observed that the lower load may also increase the delamination of the matrix. At rubbing interface due to relative motion between moving surfaces, shear stress were generated at meeting area of surfaces. This shear force produces frictional forces that inturn generate frictional heat and, consequently asperities were produced at the contacting surfaces. 29 The AFM micrograph verifies that the surface undulations was very high and these lead to acceleration delaminating of matrix by ploughing action leading to more wear (Figure 11(a) ).
The micrograph of 2.5 wt% filler content alloy composites at 15 N loading was shown in Figure 9 (b). It was observed that the specimen surface exhibited different damages like surface crack and shallow craters. 30 Similar observations were found for the micrograph of 7.5 wt% filler content alloy composites at 25 N loading and is shown in Figure 9 (d). The corresponding AFM micrographs shown in Figure 11 (b) and (d) show decrease in ploughing action, leading to relatively smoother surface and hence decrease in wear rate.
The worn micrograph are shown in Figure 9 (c) and (e) for 5 wt% and 10 wt% filler content alloy composites at higher loading i.e. 45 N, respectively. The wear occurrence along sliding direction was clearly observed. The AFM micrograph shown in Figure 11 (c) for 5 wt% filler content shows relatively lesser plateaus. However, AFM micrograph shown in Figure 11 (e) for 10 wt% filler content shows least plateaus, responsible for lowest wear rate. One of the reasons for increasing wear rate can be the higher value of COF at higher loading condition. 31 When the normal load increases at the counter surfaces of pin sample and rotating disk then the expedition of cracks may convert into grooves or craters.
The micrographs as shown in Figure 10 presents highest SWR of the investigated alloy composites under Taguchi designed experimental test runs (Table 3) . During sliding wear of two surfaces the underlying wear mechanisms, debris particulates and surface roughness reported to affect the wear performance. The micrograph (Figure 10(a) ) of neat alloy composite shows shallow grooves, lesser ploughing surfaces with adhesive wear type. This may be attributed to low sliding velocity of 1.047 m/s, lower load of 5 N over smaller distance of 500 m at mild temperature of 25 C (Exp. Run 1, Table 3 ). The lower mechanical properties of neat alloy might leads to maximum wear rate.
The micrograph (Figure 10(b) ) of 2.5 wt% CaO particulate filled alloy composite shows highest wear rate (Exp. Run 22, Table 3 ) with sliding velocity 5.235 m/s, 5 N normal load, sliding distance of 2500 m, at a temperature of 40 C. It might be attributed to intense interfacial heat generated due to highest rubbing velocity together with higher environment temperature, leading to softening of rubbing surface that might cause dislodging of material from surface and formation of pits. The small wear particles could be observed and more ploughing action might be responsible for higher wear rates. The micrograph as shown in Figure 10 (c), for 5 wt% CaO particulate filled alloy composite shows highest wear rate (Exp. Run 23, Table 3 ) with sliding velocity 5.235 m/s, 15 N normal load over a distance of 500 m, at a temperature of 45 C. The figure shows debris particles, shallow grooves, microcracks and ploughing action due to plastic deformation of surface while rubbing. The higher sliding velocity generates high frictional heat aided by higher environment temperature together with higher stress magnitude that leads to higher shear forces, material softening and crack formation both in transverse and longitudinal directions.
The micrograph shows highest wear rate for 7.5 wt% CaO particulate filled alloy composite as shown in Figure 10 Table 3 ) with sliding velocity 1.188 m/s, 15 N normal load over the distance of 2500 m, at a temperature of 35 C. It was observed that delimitation wear occurs at the interface under higher applied load that results in exposure of underlaid material at most of the places and too many wear debris. Excess of wear debris particles might lead to three-body abrasive type wear that accelerate wearing of rubbing surfaces, hence resulting in the occurrence of higher wear rate.
The micrograph as shown in Figure 10 (e) for 10 wt% CaO particulate filled alloy composite against (Exp. Run 10, Table 3 normal load 5 N over the distance of 1000 m, at a temperature of 35 C show maximum wear rate. The presence of heavy filler content might lead to ploughing action over the surface resulting in the formation of series of small pits and too many wear debris particles that act as abrasives which future accelerates wear rates. Similar observations have been reported by Yu et al. 31 while studying SiC filler reinforcement in MMCs and also, casting technique might influence the wear and friction performance of the alloy composites.
Energy dispersive X-ray analysis EDAX spectrums of the investigated alloy composite material were shown in Figure 12 . The plot clearly verifies the presence of different elements present in input material (i.e. composition of ZA-27 as shown in Table 1 and filler material i.e. CaO particulate) used for the preparation of various alloy composites.
Conclusions
In this reported research work, ZA-27 alloy reinforced with CaO (for 0-10 wt%) particulates has been performed with different thermomechanical and wear analyses. The following salient outputs from the study can be drawn:
1. TGA plot indicates the following diminishing order of thermal stability: 10 wt% CaO > 7.5 wt% CaO > 5 wt% CaO > 2.5 wt% CaO > 0 wt% CaO respectively up to 850 C, thereafter degradation rate of the composites accelerate steeply. Henceforth, the investigated alloy composites could successfully be used as bearing material maximum up to 850 C, thereafter it fails to retain its parent structure. 2. The storage modulus (E 0 ) exhibits the following diminishing trend order: 7.5% E 0 > 5% E 0 > 0% E 0 > 2.5% E 0 > 10% E 0 . It can be inferred that higher filler content (5-7.5 wt%) reinforcement boosts storage modulus of the neat alloy within workable temperature range, where as other filler content have deteriorated effect on E 0 . 3. The loss modulus (E 00 ) magnitude increases with temperature irrespective of filler content for all the alloy composites. Within the temperature range of C the order of diminishing E 00 were: 7.5% E 00 > 10% E 00 > 5% E 00 > 2.5% E 00 > 0% E 00 , where as in temperature range 125-250 C the order of diminishing E 00 were: 7.5% E 00 > 5% E 00 > 10% E 00 > 0% E 00 > 2.5% E 00 . The loss modulus exhibits trend reversal in relation to storage modulus. And the damping capacity shows improvement in comparisons to neat alloy except for 2.5 wt% filler content. 4. Under varying sliding velocities, steady-state specific wear rate concluded that (i) SWR of the investigated composites shows increasing trend with sliding velocity irrespective of filler content (ii) SWR was observed to have diminishing magnitude with filler content, consequently the order of SWR was 0 wt% CaO > 2.5 wt% CaO > 5 wt% CaO > 7.5 wt% CaO > 10 wt% CaO across all sliding velocity. 5. Under varying normal load (5 to 45 N) the steadystate SWR concluded that (i) the SWR tends to have increasing trend with normal load irrespective of filler content of the investigated composites (ii) the order of diminishing SWR magnitude with filler content was 0 wt% CaO > 2.5 wt% CaO > 5 wt% CaO > 7.5 wt% CaO > 10 wt% CaO irrespective of normal load condition. (iii) It was also observed that neat specimen tends to shows higher SWR with respect to filled composites. 6. Finally, the microstructural behavior of the CaOfilled ZA-27 metal alloy composites (via FESEM and AFM) reveals that underlying wear phenomenon prevailed across the interface of compositecounter surface of tribometer at varying range of sliding speeds and normal load. The EDAX spectrum of the investigated alloy composite material verifies the presence of different elements.
